Introduction
An estimated 300,000-500,000 individuals in Germany are affected by persistent hepatitis C virus (HCV) infection. The main clinical problems of chronic hepatitis C include the development of liver cirrhosis, hepatocellular carcinoma (HCC), or the need for liver transplantation. HCV infections are associated not only with increased liver-related mortality but also with higher extrahepatic mortality [1, 2] . The HCV-associated disease burden in Germany will progress without more intense therapeutic intervention during the next 5-10 years [3] . An association between sustained virological response (SVR) and a prolonged overall survival in hepatitis C patients with advanced liver fibrosis has recently been established [4] . Until 2011, the existing standard therapy consisting of the administration of pegylated interferon α (peg-IFN) in combination with ribavirin (RBV) reached SVR rates from 30 to 90% depending on HCV genotype (GT) and stage of liver disease [5] . Despite SVR rates of up to 90%, patients had to face sometimes severe side effects (flu-like symptoms, leukopenia, thrombocytopenia, depression, etc.), and for many patients peg-IFN and/or RBV were contraindicated. Thus, there was an urgent need to develop new therapeutic strategies.
In the recent years, the development and clinical testing of highly effective direct-acting antivirals (DAA) for HCV launched a new era in the treatment of hepatitis C. In 2014/2015, seven new DAA obtained the approval of the European Medicines Agency (EMA), and IFN-free treatments became available for the first time. Further approvals of additional DAA in various combinations are expected in the coming months and years, likely enabling curative, side effect-free therapies for every patient. Mathematical modeling to forecast HCV disease burden already shows an increased efficacy of DAA with higher treatment rates to decrease the number of HCC, decompensated and compensated cirrhosis, and consecutive liver-related deaths by 75% in the next 15 years [6] .
There may be economic considerations that peg-IFN-based therapies are still reasonable in some situations. For example, dual peg-IFN/RBV may still be the preferred treatment option for GT3 patients with low baseline viral load and mild fibrosis where SVR
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Interferon-Free Treatment of Chronic Hepatitis C Viszeralmedizin 2015;31:290-296 291 rates can be >90% within just 16 weeks of therapy if patients achieve a rapid virological response (RVR) (HCV RNA-negative after 4 weeks of therapy) [7] . In contrast, peg-IFN/RBV and sofosbuvir (SOF, SOVALDI ® ) for 12 weeks in GT1 is not recommended as a first choice of treatment in Germany anymore because the fixed-dose combination of SOF and ledipasvir (LDV, co-formulated with SOF as HARVONI ® ) is available at a similar price. Therefore, we will focus only on IFN-free regimes in this article.
Direct-Acting Antivirals against Hepatitis C Virus
Requirements for the clinical development of DAA included an understanding of each step of the HCV replication cycle. Through the breakdown of the structure of HCV replicons detailed molecular studies allowed an in vitro screening of small molecules with activity against HCV [8] . Understanding the individual steps of the HCV replication cycle, main targets for DAA such as the NS3/4A protease, NS5B polymerase, and the NS5A replication complex could be identified and ultimately led to the identification of many new substances, which have been tested in clinical trials and have already been approved (table 1) .
Protease Inhibitors (-previrs)
For the cleavage of HCV polyproteins the multifunctional protein NS3 with a serine protease activity is essential. In 2002, the first NS3 protease inhibitor (BILN 2061, CILUPREVIR ® ), developed by Boehringer Ingelheim, was tested in clinical trials. Within 48 h HCV viral load decreased vastly by several logs but side effects stopped further development of this compound [9, 10] . As a result, it took nine more years of intensive research before the first two HCV protease inhibitors could finally be approved for the treatment of chronic HCV infection in 2011. The combination of boceprevir (BOC, VICTRELIS ® ) or telaprevir (TLV, INCIVEK ® , INCIVO ® ) with peg-IFN and RBV as a 'triple therapy' were used for 24 to 48 weeks in patients with HCV GT1 infection and raised the cure rate up to 75% in treatment-naïve GT1-infected HCV patients. However, additional side effects like rash, pruritus, or anemia were recorded [11, 12] . A further problem was dosing and pill burden, requiring an intake of 750 mg TLV (one tablet 375 mg) or 800 mg boceprevir (one tablet 200 mg) 3 times a day (2 or 4 tablets 7-9 h apart) plus 1,200 mg of RBV (weight-dependent; one tablet 200 mg) [13] . Thus, the patients had to take 9-18 tablets a day in total for at least 12 weeks. Moreover, treatment was response-guided based on early viral response, which means that the duration of the therapy was based on the HCV RNA level response at weeks 4 and 12 (i.e. an extended rapid virologic response (eRVR)) of therapy [14, 15] . However, with the approval of new DAA, 'old' triple therapies with peg-IFN, RBV and the protease inhibitors BOC or TLV are no longer recommended for the treatment of chronic hepatitis C in Germany according to the current guidelines of the German Society for Gastroenterology, Digestive and Metabolic Diseases (DGVS) (www.dgvs.de).
Simeprevir
In May 2014, the EMA approved the first once-daily, secondgeneration NS3/4A protease inhibitor simeprevir (SMV, OLYSIO ® , SOVRIAD ® ). SMV has a significant advantage over BOC or TLV regarding dose (one tablet 150 mg, once daily) and side effects (no anemia, rarely rush). The approval includes HCV infections with GT1 and GT4, but small pilot studies also showed an efficacy against GT2 and GT6 but not GT3. A phase III study for approval was performed in combination with peg-IFN-α-2a or -2b and RBV and showed an increased SVR up to 80-81% versus 50% for the traditional treatment with peg-IFN and RBV alone [16, 17] . However, this triple therapy treatment option is not recommended as first-line therapy option because of the necessity of at least 24 weeks of peg-IFN/RBV treatment. Fortunately, the EMA approved an IFNfree combination therapy of SMV and SOF for urgent treatment for patients with a contraindication for IFN, and this treatment regimen has been widely used in the United States since December 2013 [18] .
Further -previrs
Other protease inhibitors were tested in IFN-free phase III studies. In January 2015, a combination regimen of three DAA including a ritonavir-boosted protease inhibitor was approved by the EMA for GT1 patients. This therapy consists of VIEKIRAX ® , the fixed-dose combination of the NS3/4A protease inhibitor paritaprevir boosted with ritonavir (PTV/r), co-formulated with the NS5A inhibitor ombitasvir (OBV), and EXVIERA ® , the non-nucleoside NS5B polymerase inhibitor dasabuvir (DSV) with or without RBV. An approval for VIEKIRAX with RBV was also given for GT4. Asunaprevir (ASV, SUNVEPRA ® ) is developed in combination with the NS5A inhibitor daclatasvir (DCV, DAKLINZA ® ) for GT1b [19] . This combination is already approved in Japan.
Further development includes the combination of grazoprevir (formerly MK-5172) with elbasvir (NS5A inhibitor; formerly MK-8742). Potential benefits of grazoprevir and elbasvir include sensitivity against HCV variants, which are resistant to other DAA and the hepatic metabolisation and elimination, probably without dose adaption in patients with chronic kidney insufficiency or hemodialysis (C-SURFER).
NS5A Inhibitors (-asvirs)
The non-structural protein NS5A plays an important role in the building of replication complexes, viral packaging, and mounting of the HCV. In contrast to the protease inhibitors, inhibition of NS5A is possible in picomolar concentrations, and NS5A inhibitors have therefore shown the strongest antiviral efficacy until now [20] . Thus, NS5A inhibitors are components of almost all approved IFN-free DAA regimes or evaluated in phase III studies.
Daclatasvir
In August 2014, based on a phase II trial, the first NS5A inhibitor DCV (DAKLINZA) has been approved by the EMA in combination with SOF for the therapy of patients without cirrhosis in GT1 and GT4 (only based on extrapolated GT1 data) as well as for GT3 in combination with RBV [21] . The approval of DCV for GT4 was mainly based on data in combination with peg-IFN and RBV; however, a therapy with IFN will be considered obsolete and seems to be necessary only in exceptional cases. The combination of DCV with ASV showed cure rates of 82-90% for GT1b in a phase III study and is available for the therapy of HCV GT1 infection in Japan [22] . The combination of low-dose DCV (30 mg instead of 60 mg once daily) with SMV showed less SVR12 rates of overall 75-85% in treatmentnaïve GT1-infected patients [23] . Furthermore, a phase III study to investigate a triple therapy with DCV and ASV in combination with the non-structural polymerase inhibitor BMS-791325 (expected as BECLABUVIR ® ) for the therapy of treatment-naïve HCV GT1 infection is currently ongoing (UNITY 3; NCT02123654).
Further -asvirs
Since November 2014, ledipasvir (LDV) in combination with SOF is available as fixed-dose combination (HARVONI; 90/400 mg once daily) for the therapy of GT1, GT3, and GT4, and also ombitasvir (OBV) as part of the triple therapy with paritaprevir boosted with ritonavir (PTV/r) and DSV is available since January 2015 (see above). 'Second-generation' NS5A inhibitors like elbasvir or GS-5816 are yet to be tested in phase III studies (C-WORTHY; ASTRAL 1-3). Other NS5A inhibitors like samatasvir or ACH-3102 are pipelined for further clinical testings.
NS5B Inhibitors (-buvirs)

Non-Nucleoside Polymerase Inhibitors
Non-nucleoside polymerase inhibitors ('Non-NUCs') are currently only part of NUC-free combination therapies against HCV GT1 infection. DSV as part of the triple therapy regimen with paritaprevir and OBV has become available since January 2015, and BMS-791325 is currently tested in combination with DCV and ASV with or without RBV for 4-8 weeks (RHACE 1; NCT02098616).
Nucleoside and Nucleotide HCV Polymerase Inhibitors
SOF is currently the only approved nucleotide inhibitor and has been approved in January 2014. SOF can be used in combination with peg-IFN and RBV for 12 weeks, leading to SVR rates of 90% in patients with HCV GT1 infection, and with RBV alone for 12 weeks for GT2 as well as 24 weeks for GT3 [24] [25] [26] . IFN-free SOFbased therapies of GT1 should always include a combination with other DAA. Further substances with this pan-GT DAA activity are currently under development, e.g. MK-3682 (formerly known as IDX21437), in a phase I/IIa study.
Antiviral Resistance
With the development of the new DAA, new problems of resistance through so-called resistance-associated amino acid variants (RAVs) arise. S282T mutations are associated with resistance to SOF or other nucleos(t)ide analog NS5B polymerase inhibitors but have not been selected frequently. However, genotypic resistance analysis of treatment failure patients via next-generation sequencing showed that baseline polymorphisms at amino acid position 316 of the HCV polymerase were potentially associated with a decreased SVR in GT1b-infected HCV patients [24] . Similarly, NS5A-Y93H and/or L31M/V amino acid substitutions at baseline were negative predictors of SVR12 in various NS5 inhibitor-containing regimens [22] . Testing for HCV RAVs is currently not recommended before treatment. However, baseline RAV testing is recommended before starting a second-line DAA combination therapy.
Currently Available and Recommended Therapies
The current guidelines are freely available at www.dgvs.de and will be updated promptly after each new approval. Figure 1 gives an overview of DAA treatment regimens in different HCV GTs.
Treatment of HCV Genotype 1
Simeprevir (OLYSIO) + Sofosbuvir (SOVALDI)
The approval of this IFN-free combination with or without RBV for 12 or 24 weeks is based on the phase II COSMOS trial. The COSMOS study showed high cure rates in GT1a/b-infected patients with prior non-response to peg-IFN/RBV and treatmentnaïve patients in 93% (table 2) [27] . Even within the presence of the Q80K variant, which is associated with partial resistance to SMV [17] , 88-93% of the patients cleared HCV. Of note, there was no major obvious benefit for additional RBV treatment or a treatment prolongation to 24 weeks. Furthermore, patients with liver cirrhosis showed high response rates. Real-world data confirmed the biological efficacy and safety of this regimen with high SVR rates (>90%). In particular patients with HCV GT1b infection almost always clear the infection [18, 28] .
Daclatasvir (DAKLINZA) + Sofosbuvir (SOVALDI)
The approval for this combination is based on phase II study data investigating treatment durations of 12-24 weeks with or without RBV in 211 non-cirrhotic patients [21] . 126 treatment-naïve patients were studied, including 41 patients with a treatment failure to a prior triple therapy with protease inhibitors and 44 HCV GT2/3 patients. SVR12 was reached in 95-100% of GT1 patients. Importantly, all prior TLV or BOC treatment failures achieved an SVR. Interestingly, pre-existing DCV resistance variants did not impact the response to subsequent therapy. Based on these preliminary phase II data, the EMA recommendation is to treat naïve patients without cirrhosis for 12 weeks without RBV. However, it remains unclear at present which patients can be treated for 12 weeks and which patients benefit from an additional RBV therapy or longer treatment durations.
Ledipasvir + Sofosbuvir (= HARVONI)
This fixed-dose combination called HARVONI is the first 'single-tablet regimen' once daily which is available since November 2014. The ION studies investigated the optimal treatment duration for treatment-naïve and previously treated patients with or without RBV [29] [30] [31] . 8 weeks of HARVONI are sufficient for treatmentnaïve patients without cirrhosis and a HCV viral load <6 million IU/ml. Most other patients should be treated for 12 weeks, while few patients with advanced liver cirrhosis may require 24 weeks of therapy. In a retrospective analysis of >500 patients with compensated cirrhosis, additional RBV treatment showed no significant benefit even in patients with cirrhosis [32] . However, RBV may allow shortening of therapy from 24 to 12 weeks in some cirrhotic patients.
Paritaprevir/r + Ombitasvir (= VIEKIRAX) + Dasabuvir (EXVIERA)
In January 2015, the three-target triple therapy 3D consisting of the NS3 protease inhibitor paritaprevir/r boosted with ritonavir (PTV/r), co-formulated with the NS5A-inhibitor OBV (VIEKI-RAX), and the non-nucleosidic polymerase inhibitor DSV (EXVI-ERA) has been approved for the treatment with or without RBV of chronic GT1 HCV infections. The recommendation is based on six phase III clinical trials with more than 2,300 GT1-infected HCV patients (SAPHIRE-I and -II, PEARL-II, -III, -IV, and TURQUOISE-II). Approval studies showed that almost every GT1b-infected patient can be cured with this regimen, and also HCV GT1a-infected patients experienced an SVR in more than 95% of cases [33] [34] [35] [36] . Patients with a GT1b infection without cirrhosis can be treated for 12 weeks without RBV while all other patients should receive RBV. It should be noted that no data from phase III trials on the use of this triple therapy regimen without RBV in cirrhotic patients are available at this point in time. Nevertheless, the recommendation for GT1b-infected patients include the combination of OBV/PTV/r + DSV plus RBV for 12 weeks versus a treatment elongation to 24 weeks in GT1a-infected patients with advanced cirrhosis (thrombocytes <90,000/μl, albumin <35 g/l, or AFP >20 ng/ml). Shades of grey indicate level of evidence. Bold numbers indicate preferred options in 2015. a SVR for the recommended treatment duration is indicated. b No RBV. c Difficult-to-treat patients; SVR may be higher with optimal treatment duration (modified according to [44] ).
Treatment of HCV Genotype 2
The FISSION study compared SOF/RBV for 12 weeks versus peg-IFN/RBV for 24 weeks in treatment-naïve patients and showed an overall SVR rate of 97% for SOF/RBV, whereas peg-IFN/RBV showed only an SVR of 78% in GT2 patients [37] . The POSITRON study showed an SVR >90% in cirrhotic and non-cirrhotic patients with GT2 who were treated with SOF/RBV for peg-INF intolerance, contraindication, or due to the patients' decision [25] . Based on these studies, most guidelines consider 12 weeks of SOF plus RBV as the standard of care. Treatment may be extended to 16 weeks in patients with liver cirrhosis.
The combination of the NS5A inhibitor DCV in combination with SOF and RBV for 24 weeks showed an SVR of 92% in GT2 without cirrhosis (per protocol, all 'per protocol' patients were cured) [21] . This combination can be recommended as a secondline therapy for SOF/RBV relapse patients.
Treatment of HCV Genotype 3
Most guidelines recommend that treatment-naïve patients with and without cirrhosis can be treated with SOF and RBV for 24 weeks -leading to SVR rates above 90% [38] . A similar rate of SVR with only 12 weeks of therapy was attained in the phase III trial ALLY-3 where patients received a combination of SOF with DCV. 120 treatment-naïve or experienced GT3 patients and 32 patients with cirrhosis were treated for 12 weeks with SOF/DCV, with an overall SVR of 90% in naïve patients but also with a lower SVR of only 58% in cirrhotic patients [39] . The EMA also approved the combination of SOF with LDV for GT3 infections. This was based on data from 51 naïve GT3 patients who were treated with SOF/ LDV or SOF/LDV/RBV for 12 weeks in the ELECTRON-2 study. 64% of patients achieved an SVR without RBV while 100% did benefit from RBV [40] . The recommendation of the EMA for GT3- infected HCV patients with cirrhosis includes the combination of SOF/DCV/RBV and SOF/LDV/RBV for 24 weeks, but there are no phase II or phase III data available to strengthen this treatment. Taken together, both SOF/DCV for 12 weeks as well as SOF/RBV for 24 weeks can be considered as the first-line therapies in treatment-naïve patients with GT3 infection, while the optimal regimen for patients with liver cirrhosis and for pretreated patients remains to be determined.
Treatment of HCV Genotype 4, 5, and 6
Limited data is available for hepatitis C patients infected with HCV GTs 4, 5, or 6. The combination of peg-IFN/RBV with SOF for 12 weeks showed SVR rates of 96-100% in patients with GT4-6 infections [37] . An IFN-free therapy with SOF/RBV for 24 weeks achieved an SVR of 100% in treatment-naïve and of 87% in experienced GT4 patients, whereas the combination of SOF/LDV for 12 weeks resulted in an SVR of 95% [41, 42] . The new 2D regimen with OBV/PTV/r was also evaluated in GT4-infected patients without cirrhosis and achieved an SVR of 91% without RBV as well as an SVR of 100% with RBV including treatment-experienced patients [43] .
Unanswered Challenges
The new era of hepatitis C therapy represents a profound and radical change in the treatment paradigms. For the first time it is possible to cure a chronic disease with easy and extremely safe short-term oral therapies. In 2015, almost every patient with the most common GTs of a chronic HCV infection can be cured. Treatment duration will be 12 weeks in the majority of cases and can even be shortened to 8 weeks for GT1 infections if no cirrhosis exists and the viral load is below 6 million IU/ml. In contrast, treatment extension to 24 weeks may increase response rates to >90% even in pretreated patients with advanced liver cirrhosis.
Still, it is not well understood why patients with cirrhosis respond less well to these new IFN-free regimens. Moreover, the role and optimal dose of RBV in distinct IFN-free regimens requires further investigation. Furthermore, it will be important to understand the significance of resistance testing in the era of DAA therapies. It is particularly interesting to know more about resistance mechanisms against NS5A inhibitors, since almost all DAA combination regimens include one of these replication complex inhibitors. Almost all studies showed that if NS5A RAVs are present, there is a slightly reduced response rate but surprisingly the majority of HCV infections are still cured. Resistance testing should be performed before starting a second-line therapy after DAA failure.
One of the biggest challenges for the next years will be the treatment of HCV GT3-infected patients with cirrhosis. So far, no ideal therapy could be established. It remains to be seen whether new combinations of SOF/GS-5816 or MK-3682/grazoprevir/elbasvir will resolve this challenge.
The side effects profile has been excellent for all currently approved DAA. Patients treated with SMV should be informed about the need for sun blockers during therapy. Readjustment of the dosage of DCV and SMV is not dependent on kidney function; however, SOF should be administered only if the renal creatinine clearance is greater than 30 ml/min. This poses a substantial restriction for all patients with reduced kidney function, who are dialyzed, or who develop a loss of kidney function during SOF treatment.
Drug-drug interactions (DDI) are possible for all new DAA against HCV. The metabolism of the protease inhibitors as well as NS5A inhibitors involves cytochrome P450 3A4 enzymes. For SOF, DDI also have to be considered as the drug is a P-gp substrate. Concomitant medication must be evaluated for interactions before treatment is started. For example, coadministration of amiodarone with SOF in combination with another DAA may result in serious symptomatic bradycardia and is not recommended.
Furthermore, it is unknown to what extent liver function may be restored in DAA-treated patients with decompensated cirrhosis. Preliminary reports from registers and small case series show an improvement of albumin, bilirubin, and INR in some patients. Whether de-listings of patients on the transplant waiting list will be possible remains to be determined.
In conclusion, the highly effective new DAA combination therapies of hepatitis C can substantially reduce the HCV-associated disease burden. Efforts must be made to ensure access to therapy for all patients in need.
Conclusion
-IFN-free therapy with novel DAA regimens cure >90% of chronic HCV-infected patients. -DAA regimens include NS5B nucleotide inhibitors, NS5B nonnucleoside inhibitors, NS5A replication complex inhibitors, and NS3/4A protease inhibitors. -Depending on the stage of liver disease, HCV GT, and viral load, treatment duration varies between 8 and 24 weeks. -RBV is no longer required for all patients, -DAA resistance has a minor influence on cure rates in first-line treatments but resistance testing should be performed before second-line therapies are initiated. -Current German guidelines can be found on the website of the DGVS (www.dgvs.de).
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